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PORBWORD

Differences in concentrations of mineral composition of beach
areas along the shoreline have on occasion been used to estimate
direction of movement of littoral drift and other littoral processes,
Bxtension of these methods to the use of naturally radioactive thorium
as a means of detecting direction of littoral drift has been made over
a portion of the California coast from the Russian River to Point San
Fedro, This report discusses these methods and the results which in-
dicate the method to be rather quick for qualitative results and quite
simple compared to normal mineralogical analysis, After separation
of the heavy mineral fraction from samples taken along the beaches,
radioactivity present is determined by use of a two-channel gamma-ray
spectrometer with one channel adjusted on the 0,238 mev, peak from
Pb212 in the thorium series and the other on the 0,118 mev. peak from
Ra226 in the uranium series. As the method and its results appear of
considerable interest in the field of beach erosion and shore pro-
cesses, it is now being published as a Beach Brosion Board Technical
Memorandum,

This report was prepared at the Wave Research Laboratory of the
Institute of Bngineering Research at the University of California,
Much of the work was done under support by the National Science
Foundation (Grant G-18123) but use was also made of data gathered
concurrently by the University in pursuance of Contract DA-49-055-
Bng-8 with the Beach Erosion Board for the study of beach materials
and sources of beach materials along the California coast, The
author of the report, Adel Kamel, was at that time a candidate for
a doctoral degree at the University (in fact this report formed in
part his Ph, D, thesis) and is now a research engineer and assistant
professor at the Coastal BEngineering Laboratory, University of
Rlorida,

Views and conclusions stated in this report are not necessarily
those of the Beach Erosion Board,

This report is published under authority of Public Law 166,
79th Congress, approved July 31, 1945,
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LITTORAL STUDIES NEAR SAN PRANCISCO
USING TRACER TECHNIQUES

by
Adel M, Kamel, University of California

ABSTRACT

A method of assaying for naturally radioactive thorium as a
means of detecting the direction of littoral drift of sand along
a sea coast was investigated and applied to the portion of the
Coagt of California from the Russian River mouth to Point San
Pedro, The method ptoved to be very quick for qualitative re-
sults and rather simple compared to mineralogical analyses,

The method involved the collection of surface and deep
samples along the reach of the coast under study. The heavy
minerals for a limited size fraction of the sand samples were
separated by bromoform and the radioactivity present in them
was counted by the use of a two channel gamma-ray spectsg!eter.
One channel was adjusted on the 0,238 mev, peak from Pb“*“ in
thszzhoriul series and the other on the 0,118 mev, peak from
Ra in the uranium series,

In this study the three factors considered in determining
the direction of 1ittoral drift along the coast were as follows:

1. The concentration of thorium (in parts per million)
in the heavy minerals of a limited size fraction of the
sand samples analyzed,

2, The percent of heavy minerals in the same size
fraction used in (1),

3, Wave refraction diagrams,

A decrease in the concentration of thorium and heavy minerals
from the source area indicated alongshore drift in the direction
of decrease of both parameters, while wave refraction patterns
showed a littoral sand drift in the direction of the alongshore
energy component of waves breaking at an angle to the shore,

Baged on the diatribution of beach sand samples and their
thorium and heavy minerals concentrations and wave refraction
diagrams, the pattern of sand movement along the Caltifornia Coast
from the mouth of the Russian River to Point San Pedro was found
to be from the north to the south except for a few locations where
a reversal direction of littoral drift existed,



INTRODUCTION

General Problem

The source, movement, and deposition of sediments along shorelines
have been studied extensively by geologists, geographers, and engineers,
Johnson (1959*%), defined the factors involved in the supply and loss of
sand to a coast as follows:

Source of sand supply: (a) Major streams, (b) small streams and
gullies, (c) cl1iff erosion and slides, (d) onshore movement of sand by
wave action, and (e) wind action,

Sand losses: (a) Movement of fgshore into deep water, (b) losses into
submarine canyons, (c) accretion against littoral berriers, (d) removal
of sand for construction purposes, (e) wind action, and (f) abrasion by
wave action,

The process by which sediments are moved along the shore is known as
littoral drift and it includes beach drifting and alongshore drift (Johnson,
1919), Coarse material is moved along a foreghore in zigzag paths under
the influence of swash and backwash of the waves, The process of alongshore
drift is due to alongshore currents set up within the breaker zone by break-
ing waves approaching the shoreline at an angle (Fig, 1), Although the
waves tend to become parallel to the coast as a result of refraction, they
usually break at a slight angle to the shore with the result that a littoral
current is induced and is effective in moving a mass of water (and the
sediment placed in suspension by the breaking waves) slowly along the coast,
It is this current combined with the agitating action of the breaking waves,
that is the primary factor in causing movement of sand along a coastline,

It is believed that the largest percentage of the l1ittoral transport occurs
shoreward of the breaking point of the waves,

Knowledge of sand sources and direction of 1ittoral drift along a
coast are of prime importance in beach erosion studies, These factors may
be determined broadly by several distinct methods of approach, some of which
are necessarily complementary to each other, These include:

(1) The use of standard hydrographic methods of mapping the sea bed
and shoreline, serial surveys, wave data, and refraction diagram analyses,
current measurements, sampling of suspended 1oad and bed load sediments, etc,

(2) The use of natural tracers such as heavy mineral fractions or
shell inclusions in sediment samples, in relation to their souzce areas,

(3) The use of radioisotopes as tracers for labeling sediment samples,
either by incorporation of the activated material in artificial sediment, or
by chemical or physical adhesion as a radioactive film on the particles of
the real sediment, or by embedment within the particles (in the case of
pebbles),

*See references p, 40
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(4) The use of luminophors as tracers for labeling sediment samples,
either by incorporation of the fluorescent material in arti€icial sediment
or shingle, or by adhesion as a luminescent film on particles of natural
sediment, '

(5) The use of hydraulic models with movable beds of artificial
materials to simulate prototype sediment processes,

Along the California Coast, a method of using radiocactive tracers
presented itself in that there are several locations on the coast where
radioactive material is added naturally to the beaches, This material is
thorium (Th232, 0,238 mev,), It is added at discrete places along the
coast where rivers flowing through thorium-rich granite outcrops reach the
coast or where the thorium-rich granite itself outcrops at the seacoast,
This thorium was uséd as a means of detecting the direction of littoral
drift of sand along the portion of the California Coast from the Russian
River mouth to Point San Pedro,

Summary of Past Studies on Littoral Drift

Formulas for rate of littoral drift:

Many attempts have been made to determine the amount of materijal
migrating along a shoreline, The principal factors affecting the rate of
littoral transport have been studied in the laboratory (Krumbein, 1944;
Saville, 1950; Johnson, 1952; Sauvage De Saint Marc; 1955), However,
complete understanding of the problem is still lacking, although such
information is of utmost importance in the design and development of navi-
gation channels, ports, and beaches, Advance towards a better understanding
of this problem has been made in recent years, but the effect of waves and
currents on littoral drift still defies accurate prediction of certain
phenomenon, Existing formulas for estimating the amount of littoral drift
all are of a semi-theoretical or entirely empirical nature inasmuch as some
of the physical elements are not completely understood, Some of the more
common formulas are:

1 ~ The Los Angeles formula (1937):
Q= 1/2 Ky We sin 2 a

2 - Baton (1951) gave the formula (identical to formula 1 above):
Q = K we sin e, cosa,

3 - Caldwell (1956) gave the formula:

E0.8

Q = 210 where: E = E sin @ cos ¢

4 - Bajorunas (1961) gave the formula:

Q=a Bg sin a, [1 _ e-bD cot ao]



Where:

littoral drift factor

= 0O
" "

Total work accomplished by all waves of given period
and direction

e = wave energy coefficient

a, 9 = angle between the wave and the breaker line and the shore
E = the alongshore energy

Bo = deep water wave energy

k, n, a, b = constants

D = length of reach

subscript b = breaker

subscript o = deepwater

Other formulas are those by Iwagaki and Sawargi (1960), and Ishihara
and Sawargi (1960),

The above authors agree that there is a relationship between the rate
of littoral drift and the energy component parallel to the shore, although
energy is not a vector and a thorough discussion of these matters must
necessarily involve the stress exerted on the bottom by the waves and the
alongshore currents, The oscillating water motion in a wave places sedi-
ment into suspension and the littoral current furnishes a undirectional
movement, Such motion meets the practical difficulty that it has not been
possible to develop reliable theories for material transport in rivers and
channels with unidirectional flow, although considerable advances have been
made by Einstein (1950). As long as we are not able to solve this material
transport problem, it is unlikely that the much more complex problem in-
volving oscillating water motion will be solved in the near future,

Ratggﬁof littoral drift by measuring deposition or erosion:

Another and more direct approach to the problem is the estimation of
probable rates of transport along natural shorelines from the amount of
material trapped by shore structures, either natural or man-made, and from
a knowledge of sources of supply, Studies nf this nature are those by
Johnson, 1952; 1957; 1959), Johnson (1952) has studied the problem of
accretion in the Santa Barbara harbor since the construction of the break-
water in 1929, In 1957 he gave a summary of measured rates of littoral
drift along coasts of the United States and presented the method of rate



determination (whether by scour or accretion), and in 1959 he summarized
the various sources of supply and loss of sand to the coast and applied
them to & reach of the coast of California, Quantitative estimates of the
annual amounts of sand supplied or lost were presented,

Similar studies are those by Grant and Shepard (1936, 1937, 1939,
1946; Shepard, 1951; Handin, 1951; Pincus, 1954; Chieruzzi, 1953),

Natural tracers:

Mineral analyses of samples drawn from representative sites in a
study area are helpful in the determination of the direction of littoral
drift, The samples are subjected to sieve analyses and the heavy minerals
from the fractions are processed microscopically by X-ray, differential
thermal analyses or by magnetic separator, and classified according to their
geological type, Their roundness, sphericity, color and corrosion prop-
erties also are recorded, The fluvial sources of some of these minerals
can be traced and their distribution along the coast may sometimes yield
important qualitative information in regard to the trends of sediment
transport,

Rittenhouse (1944) determined the relative importance of various
sources of sediment, which was largely sand, from the heavy mineral com-
position of channel deposits of the Rio Grande and its tributaries, 1In
this study, the hydraulic ratio basis of comparing mineral composition was
used, This method appears to satisfy the three objections to methods in
common use in rivers, namely: it uses both the frequency and absolute
amounts of heavy minerals, it eliminates apparent differences in mineral
composition that are associated with differences in texture of the bed
deposits, and it effectively transposes the data from bed samples into
usable data on mineral composition in the stream load,

Trask (1952) determined the source of sand deposited in Santa Barbara
harbor by mineral grain studies, Mineralogical studies of this type gener-
ally are inconclusive, because the minerals in beach sand are so thoroughly
mixed that distinctive differences do not wholly exist, However, if part
of the sand is derived from an area in which the rocks differ in mineral
composition from the rocks in places from which the remainder of the sand
is derived, the source of the sand is indicated by the rate of change in
mineral content with respect to distance along the coast, as the original
sand is progressively diluted with sand from other areas, Two studies of
the mineral composition of the sand at Santa Barbara were made: (1) in
the harbor itself in order to ascertain if the mineral content varied
significantly in and near the harbor and associated beaches; and (2) along
the coast west and north of the harbor for a distance of more than 250
miles, in order to investigate migration of sand along the coast, The
first study in the immediate area of Santa Barbara showed no distinctive
difference in mineral content; consequently this study contributed little
information of aid in understanding sand movement between the harbor and
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the beaches to the east, The second study of sand along the coast west of
Santa Barbara hasg shown very clearly that a significant proportion of the
sand at Santa Barbara comes from a distance of more than 100 miles up the
coast, This conclusion was based upon the fact that the mineral, augite,
a black ferromagnesian silicate found commonly in basic igneous rocks, is
present in appreciable but constantly dimiaishing amounts from its source
near Morro Bay southward for more than 100 miles to Santa Barbara, By

a similar analysis Trask (1955) showed that sand moves around Southern
California promontories,

McMaster (1960) made a study on sand movement along the Rhode Island
coast, In this area beach sands are composed of a great variety of minerals,
the most common of which are amphiboles, chlorite, garnet, staurolite, and
black opaques in the heavy fractions and feldspars and quartz in the light
fractions, Counts of those fractions from samples collected at one-mile
intervals were used as basic data for multivariate and trend analyses, The
character of source materials and pattern of beach drift are believed
responsible for areal differences in mineral composition, The decrease in
heavy mineral percentages eagtward with a general uniformity of grain size
as well as over~-all decrease in abundance of amphiboles and feldspars and
increase in garnet and black opaques seem to reflect an eastward drift away
from the source area,

Artificial tracers:

1. Uge of radioactive isotopes

Methods of sampling and mineral analyses are somewhat cumbersome in
that they require a considerable amount of field work and laboratory re-
search, PFurthermore, bed sampling is often impossible under rough sea
conditions and in the surf zone., These limitations may be avoided by fhe
use of wadioisotopes for labeling specimens of sediment, since these can
be used in any sea state and are quite expeditiously traced with suitable
detectors, A considerable literature has developed over the last five
years on the detection of the movement of sediment by radioactive tracers,
Many experiments have been conducted to study the feasibility of using new
techniques for determining the general direction in which littoral material
moves (Hours, 1955; Inose, 1955; Putwman, 1956; Steers, 1957; Krone, 1957,
1959, 1960; Porest, 1957; Smith, 1957; Ariman, 1957; Redd, 1958; Germain,
1958; Davidseon,1958; Gibert, 1958; Inman, 1959; Svasek, 1961; and Ijima,
1960), A brief review of these techniques is as follows:

Tracers, Glass, ground to the particle size distribution of the sedi-
ment under study and labeled by incorporated radioactive isotope, has been
the most commonly used sediment tracer (Putman, 1956; Reid, 1958; Germain,
1958; Porest, 1957; Inose, 1955; and Hours, 1955), The method of prepara-
tion preferred by most investigators is to incorporate an inactive isotope
of the label in the glass, grind it to the desired size disttibution, and
activate the label by neutron irradiation just prior to placing the tracer



in the field, Boron-free soda glass is widely used, Ground glass has been
used extensively for tracing sand movements, It also has been used for
studying the movement of silts (Putman, 1956) and muds (Hiranandani, 1960),
Natural sediment miterials have been labeled with sorbed isotopes by in-
vestigators concerned with a closer simulation of sand and gravel particles
(Smith, 1957), and by investigators seeking a method for labeling large
quantities of sand (Gibert, 1958; Arlman, 1957), Tracers for pebbles have
been made both by drilling natural or artificial pebbles and inserting an
active label into them (PForest, 1957; Inose, 1955; and Steers, 1956), and
by sorption (Smith, 1957),

Labels, A number of radioactive labels have been investigated and used
in tracing sediment movement, Most such labels (S¢ - 46, Zn - 65, Cr - 51,
La - 140, Ta - 182, A - 110, Au - 198, Ir - 192) emit gamma radiation which
can be detected in place, For detection most of the investigators have used
bundles of Geiger-Muller detectors; however, two investigators used scin-
tillation detectors (Hours, 1955; Putman, 1956), None of the investigators
used discriminators with scintillators to reject background activity, Most
studies of sediment movement by tracer techniques involved sand (Putman,
1956; Reid, 1958; Germain, 1958; Forest, 1957: Inose, 1955; Hours, 1955;
Gibert, 1958).; two used pebbles (Forest, 1957; Steers, 1956); one used
silt (Putman, 1956); and one used mud (Hiranandani, 1960).In all applications
reported above measurements were made of the redistribution by wave action
or tidal currents of material placed on the sea bottom,

2, Use of luminophors:

Luminophors have been used in many instances as a means for the detec~
tion of sediment movement (Zenkovich, 1958; Vendrov: 1957; Russell, 1961;
Halcrow, 1961), In this method natural sand particles are coated with a
colloidal film of finely dispersed luminescent material which appears
fluorescent when viewed in the darkness under ultra-violet light, The
procedure by which tracer sediment has been prepared in England (Russell,
1961), consists of mixing the sediment samples with fluorescent dye and
plastic glue and then crushing and sieving the material to the desired
granular distribution,

Tracer pebbles have been prepared artificially from crushed concrete
in which granulated fluorescent dye in plastic glue has been incorporated
as a fine aggregate, Dyes used are Rhodamine B (red); Primuline (green);
Uvitex (blue); and Araldite, The variation of colors opens up possibilities
of discriminating between sediment movement at various depths or at one
depth as a function of grain size, Also, influences of different densities
or of geometric nonsimilarities in particle shape can be studied effectively,
Color differences have already been used to good advantage in tracing the
velocity of progression of sand bars and in detecting the speed of advance
of different fractions of sediment, Different colors of luminophors also
are valuable for distinguishing test materials used at different times in
the same locality, or at the same time in adjacent areas where there are



likely to be overlapping effects, As compared with radioisotopes, lumi-
nescent tracers offer advantages of being less costly, capable of more
abundant and easier production and of being safe to handle,

PRINCIPLES OF NATURAL RADICACTIVITY

Natural Radioactivity

All elements found in nature with atomic numbers greater than 83
(bismuth) are radiocactive, In addition, a few of the lighter elements,
namely, potassium, rubidium, samarium, leteium, rhenium, and perhaps one
or two others, possess feeble radioactive properties in normal states
(Glasstone, 1958), A substance or element, is radioactive when the atoms
of which it is composed disintegrate spontaneously regardless of whether
or not the emission of radiation can be readily detected in the process,
A radio-atom in decaying may emit one or more gamma rays or it may emit
none, But, no matter how many gamma-rays are emitted, such gamma photons
will have a characteristic wave length or energy. Abundance of gamma rays
of different energy resulting from the breakdown of the two major natural
radiocactive decay series, i, e, uranium and thorium, is indicated by the
partial list in Table 1, Only prominent ones emerge as peaks above the
base spectrum,

Radiocactive Bquilibrium

An atom that disintegrates to form another atom is called the parent,
and the product is called the daughter, A radio-atom is in a state of
secular equilibrium with its disintegration product when the same number of
atoms of the daughter nuclide disintegrate as are formed in a unit of time,
Thus, in a radiocactive decay series in equilibrium, the number of atoms of
the nuclide being formed is exactly equal to the number of atoms of that
nuclide disintegrating, The number of disintegrations per unit time,
therefore, is the same for each member in the decay series, As all members
of the decay series do not decay at the same rate, a greater amount of the
long-life nuclides will have to be present to provide the same number of
disintegrations per unit time as those coming from the short-life nuclides;
consequently, the amount of nuclide present in a decay series in equilibrium
is directly proportional to its half-l1ife,

kl Nl = XZNZ = A3N3 B ce0000s00000 = constant

where N is the number of atoms of the daughter present and A is its décay
constant, A state of non-equilibrium exists when ail or part of one or
more of the daughters or parents is physically removed from the decay
series, If a nuclide with a short half-life is removed, equilibrium can
he rapidly regained, If a nuclide with a long half-1ife is removed, it
may be millions of years before complete equilibrium is regained between
all members of the decay chain,



TABLE 1
PRINCIPAL GAMMA RAYS IN URANIUM AND THORIUM SERIES*

Z Isotope A Bnergy in Mev of gamma rays

URANIUM 238 SERIES

92 Uranium 238 0,05 Coincident with 22 percent of alpha rays

90 Thorium 234 0,093 20 percent of disintegrations

91 Protactinium 234 0,82 Weak

92 Uranium 234 vy 0,053, ¥ 0,093, y3 0,0118 vy;/y3/y3 =1/0.2/0.4

0 Thorium 230 0,068, (-,14,0,24)

88 Radium 226 0,188

86 Bmanation 222

82 Polonium 218

82 Lead 214 10,053, yz 0.242, y¥0.257, v40.295, ys 0,352

83 Bismuth 214 vy 0,609, vy, 0,766, y3 0.933, y, 1,120, ys 1,238,
Ye¢ 1.379, v7 1,520, yg 1,761, Y9 1,820 vpq 2.200,

84 FPoloniwm 214

82 Lead 210 0,0467

83 Bismuth 210 No, ¥

84 Polonium 210 0,80

THORIWM 232 SBRIES

90 Thorium 232 0,055 (0,075) Coancident with 24 percent of
alpha rays
88 Radium 228 0,03

89 Actinium 228 0,058, 0,129, 0,184, 0,338, 0,462, 0,914, 0,969

90 Thorium 228 0,0843

88 Radium 224 0,241

86 Bmanation 220

84 Polonium 216

82 Lead 212 vp 0,115, vz 0,176, vy 0,238, y4 0.249, ys 0,299

83 Bismuth 212 witha .040 (~ 4%), 0,144, 0,164, 0,288, 0,328,
0.4 - 2,0,452, 0,472 with § = 2,20, 1,81 (~ 7%),
1,34 (~ 5%), 1,03 (~61,), 0,83 (~91), 0,72(~19%)

84 Polonium 212

81 Thallium 208 (Bquilibrium disintegration of T1208 oniy 35% of
other elements in series owing to branching of
Bi212), 2,62 (~00%, e/y ~ 0,002); 0,510
(~ 25%, e/y ~0,08); 0,277 (10%, e/¥y~0.3)

* From Hollander, Periman, and ?eaborg (1953),
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Source of Radioactivity

For a nmatural rock practically all the gamma radiation comes from
three sources, namely, K40, U238 geries, and Th232 geries (Adams et al,
1958),. Pigures 2, 3 and 4 show gamma scintillation spectra for potassium
uranium, and thorium, respectively, Uranium is generally found with
thorium in nature in a ratio of about 10 parts of thorium to one part of
uranium, The gamma rays from U238 and The32 themselves are of such a low
energy value as to make direct measurements impractical, Where secular
radioactive equilibrium prevails, the abundance of U238 or Th232 can be de-
termined by measuring the activity of any daughter in the respective series, -
This follows from the constant ratios that exist between the concentrations
of the various members of a series in an equilibrated sample,

Techniques of this type, capable of measuring a few parts per million
of thorium and uranium present in common rocks, have been developed by
Hurley (1956) and by Adams, et al '(1958), The main difference between
the two gamma-ray techniques involves the choice of spectral energies,
Hurley used three channels centered at the following energies: 0,18 and
0,238 Mev, for uranium and thorium, and 1,46 Mev, for potassium, With this
choice of energies the potassium interference at 0,18 and 0,238 Mev, could
be neglected only for samples containing more than 100 ppm, of equivalent
uranium in equilibrium with its daughters,_ _PFor Adams' work higher energy
gamma rays were chosen: 1,86 Mev, from Bi 14 in the uranium series and
2,63 for T1208 in the thorium series. With these energies potassium can
be ignored even when present in higher concentrations, because its spectrum
contributes no appreciable gamma ray pulse above 1,6 Mev, Thus it is
possible to determine the abundance of uranium from only two spectral
measurements, Although this scheme has the advantage of less interference
from higher energy gamma rays, it has the disadvantage of a lower counting
rate, In the present work, the sand samples analyzed had very low activity;
consequently the energy levels used by Adams were undesirable,

In California rocks potassium is found in the following forms (Pabst,
1938): Arcanite, Hanksite, Potash Alum, Vollaite, Krausite, Metavoltine,
Alunite, Jarosite, Arthoclase, Microcline, Phillipsite, Celandorite,
Apophylliite, Muscovite, Roscelite, Biotite, Phlogopite, Lepidolite,
Glauconite, and Neptunite, -Of these the following have a specific gravity
higher than bromoform (2,87 at 20°C); Jarosite (3,15-3,26), Neptunite
(3.,19-3,23); Biotite (2,67-3,16), and Muscovite (2,76-3,0), Knowing that
uranium i found in the form of Monazite (9,15), which is strongly radio-
active, and that thorium is in the form of Thorite (5.,2-5,4), it is ob-
vious that the Monazite and Thorite particles will settle much faster than
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Potassium in any of its forms, Consequently, if we do not wait until the
Potassium particles settle down,* the heavy minerals separated will not
contain potassium,

In the present work bromoform (2,87 at 20°C) was used for the follow-
ing reasons to separate the heavy minerals including thorite, monazite, and
zircon from the sand samples:

1, Decrease source absorption effect,

2, Elimination of the potassium minerals present in the sand samples
since most of the potassium minerals have a specific gravity less than that
of Bromoform (2,87 at 20°C), The gamma spectrum of the potassium free heavy
minerals will not have a 1,46 Mev, peak from K40 in the potassium series
which interferes with the 0,188 Mev. and 0.238 Mev, peaks in the U238 and
Th232 gerjes respectively, This elimination of the 1.46 Mev, K40 peak will
enable us to use the 0,188 and 0,238 Mev, energy levels for counting the
abundance of U238 anq Th232 respectively present in the heavy minerals,
These energy levels, i.e, 0,188 and 0,238 Mev, have the advantage of giving
a high counting rate which is necessary in the analysis of samples of such
low activity,

Pigure 5a shows the spectra of a sand sample before separating its
heavy minerals with bromoform, and Pigure 5b shows the spectra of the heavy
minerals of a sand sample separated by bromoform, (Notice the disappearance
of the 1,46 Mev, peak from K40 in the potassium,)

3, The concentration of thorium (in parts per million) in a limited
size fraction of the heavy minerals of the sand samples and the concen-
tration of heavy minerals (in percent) in the same size fraction of the
sand samples are to be used as parameters for determining the direction of
littoral sand drift along the coast as explained in the next chapter,

*Bxact calculation of the time required for each particle to settle by
using Stokes' equation or Rubey's impact equation is impossible since
the assumptions used in both equations are not completely satisfied in
this case, A rough estimate of the settling time was made which gave
the following ratios between the settling time of Monazite, Thorite,
and Potassium -1:2,5:16, However, we cannot depend on these ratios
and the use of another 1liquid of higher sp, gr, than 3,26 (Methylene
Iodide, 3.32 at 20°C) is recommended if potassium is known to be
present in the sand samples,
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INVESTIGATIONAL PROCEDURES

General Approach

It is well know that beach sands are among the best sorted of natural
sediments, They are subject to a progressive sorting when transported by
alongshore currents and to a very effective lpcal sorting by -the oscillatory
motion of the waves, The contention that sediment transported by alongshore
currents travels chiefly in suspension is supported by the textural charac-
terigtics of the beach sands, Silt and clay are absent; very fine sand is
.rare, Any effects of progressive sorting along the shore must, therefore,
be explained on the basis of transportation in suspension, These effects
may be due to sorting according to grain shape, size, and specific gravity,
Progressive sorting according to size, shape, and specific gravity may be
due to a progressive decrease in the competency of the transporting agent
or to fluctuations in the competency with a lagging behind of the larger,
spherical, and heavier particles which move only eccasionally during periods
of maximum competency. The competency of the alongshore current would seem
to depend on the ability of the waves to put sediment of a certain grain
size in suspension, and then on the ability of the current to move the sus-
pended load, In the present study the choice of the concentrations of both
thorium and heavy minerals in parts per million and percent, respectively,
in sand samples collected at mid-tide from different places along the beach,
are believed to be two good parameters for the study of the effect of pro-
gressive sorting and consequently the determination of the direction of
littoral drift along the coast,

A decrease from a source area in the concentration of thorium in ppm,
and/or the concentration of the heavy minerals in percent should indicate
alongshore drift in the direction of decreases of both parameters,

Local sorting on the other hand, need not be a result of transport in
suspension, and its effects must not be confused with those of progressive
sorting, To eliminate the effect of local sorting on the sand samples, com-
parisons between the concentrations of thorium and heavy minerals present
in these samples should be made only for a very limited size fraction and
not for the whole sample, e.g., a size fraction from 74 to 177 microns,

Since thorite is generally found in the size fraction finer ‘than 125
microns (Hutton, 1951), and since the concentration of heavy minerals is
also higher in the fine fraction, it was found that the best size fraction
suited for this study is that from 74 to 177 microns, For samples where
there is not enough fine materials, comparison was made for the size
fraction from 125 to 250 microns,

Method of taking sand samples

A series of samples of beach and river sands were collected along the
California Coast between north of the Russian River and Point San Pedro, a



distance of more than 90 miles, The sufface sand samples were taken by
scraping the surface with a straight edge, drawn parallel to the shore and
penetrating only a few millimeters in depth, Such a sample can be of the
required volume, yet come from a grain-size population which is similar in
all its areal parts, representing a unigue hydraulic ccndition of deposition,
Since littoral sand transport may change direction with time, and since the
desired object is to define the direction of sand movement, it is clear that
sand samples must be collected which represent only one general direction,
that is, all samples for comparison must be of sand moving during one short
time interval, For this reason all samples were taken at mid-tide within a
period of three days,

Some deep samples also were collected at the same time and from the
same location as the surface samples, These deep samples were taken at a
depth of one foot by digging a hole of abbut one square foot area and one
foot deep,

Instrumentation

The spectra of uranium and thorium series (Figure 6) show that the
peak caused by lead 212 in the thorium series occurred in a region of
faitly constant response in the uranium series and might best fulfill the
needs for discrimination of the two series, Purthermore, higher counting
rates at this low-energy part of the spectrum make it desirable to work in
this part of the spectrum, In a radioassay with gamma rays of this low
energy level, the thickness of the source must be small so that the photo-
peaks are not swamped by tompton-scattered radiation from within the source,
otherwise a correction should be made as discussed in Appendix III,

Background determination

The analysis of the radioactivity of the sand samples was done in a
room that is not radioactively contaminated, The background counting in
this room was very constant which is the required case for effective
radiometric work when the assayed samples are weakly radioactive, Since
the gamma rays concerned are from natural sources of low activity, it is
necessary:

1, To maximize the total count-to-background ratio, for this reason
a counting time of three hours on the average was used,

2, To minimize instrumental drifts - which are critical in attempts
to stay close to the top of the peak, This difficulty was overcome by
running standards at frequent intervals,

The average background during the analysis was found to be equal to
4,308 cpm, at 0,188 Mev, and 4,888 cpm at 0,238 Mev, Por a counting period
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of 200 minutes on the average, the minimum detectable counting rate

M.D.C,) = 2 __z_n_ , Where nb is the background count in cpm, For
the present study

M,D,C. at 0,188 Mev, = 0,417 cpm,
M.D.C. at 0,238 Metr, = 0,444 cpm,

Method of analysis and tests

The samples were washed with fresh water to remove sea-salt, dried,
and then analyzed mechanically with sieves by the customary procedure of
using a rotary shaker and a period of shaking of 30 minutes, The size
fraction 74 to 177 microns (for some samples size fraction 125 to 250 was
also separated) was placed in bromoform, (specific gravity 2,87 at 20°C)
for the separation of the heavy minerals (Krumbein and Pettijohn, 1938),
The heavy minerals so separated were weight¢d and placed in a plastic con-
tainer which was then placed in the top of the detector for counting,

The radiation from the radiocactive minerals present in the sample was
determined by counting at two bands centered at 0,238 Mev, and 0,188 Mev,
for thorium and uranium, respectively, for a period of about three hours,
Each analysis included one or more calibration with a standard, The drift
error depends on the time interval between the calibrations, The counting
error is the square root of the total count,

The operating procedure was as follows: A standard thorium source
(4100 C,P,M,) was used to correct for variations in the counting response,
After several measurements of this standard, a mean value for each channel
was found, and some arbitrary value close to the mean value was chosen to
represent a datum for the channel, Henceforth, all readings were corrected
with reference to this datum, Thus, if the standard source was run before
and after an unknown and showed that channel 2 is counting 5 percent below
the datum level, the reading for the unknown was corrected upward by 5
percent to make it homogeneous with the fixed calibration constants, which
were also based on the datum values,

At the start of a batch of samples the two channels were centered on
the valley and the peak, respectively, by using a thorium-rich source and
varying the base-line discriminator a small amount each way, A standard
uranium sotirce was then run, preceded and followed by the standard thorium
source, which was always used to correct the measured values for instrument
drift (See Appendix II for adjusting the gamma-ray spectrometer), After
this, the unknowns were run alternately with the thorium standard,

The calculation of the quantities of thorium and uranium in an unknown
was a follows: "Counting rate” means net counting rate after background



has been removed and corrected for drift by calibration with the thorium
standard, '
T = weight of thorium in thorium standard in micrograms,

T, = counting rate from thorium standard in channel 1 in counts
per minute,

T, = counting rate from thorium standard in channel 2 in counts
per minute,

U = weight of uranium in uranium standard in micrograms,

U, = counting rate from uranium standard in channel 1 in counts
per minute,

U, = counting rate from uranium standard in channel 2 in counts
per minute,

R, = counting rate from unknown sample in channel 1 in counts
per minute,

Rz = counting rate from unknown sample in channel 2 in counts
per minute,

In the value found for Ry if X, Y are the counts per minute due to
uranium and thorium, respectively, the solution of the following equations
will give the required results:

(Ul/uz) X + (T1/T2) Y =R, (1)
X+Y=R, (2)
X - Y - 1
1 - R, - R2 1 1 1
(Ty/T) - R - R (U /) (U, /0,) (T /T,) |
R = (T /T.) R
X = '(_(ITWHW% counts per minute
172 1"°2
-R. + (U /U) R
Ys 70_17“-7%_?%71’37 counts per minute
1" 2 12

Bxperimentally = (TI/I‘Z) = 0,386
(“1’"2) = 2,832
(U1/U2) - (Tlsz) = 2,446

When 10 or more grams of heavy minerals were assayed, correction for sample
size was made as indicated in Appendix III,
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ANALYSIS OF RBSULTS

Samples were obtained at a number of localities to investigate the
following problenms:

A,

c.

To study the direction of 1ittoral drift along a reach of the
California Coast.

1, Sample Nos, 1 to 59 (Table 1, App., IV) were surface and deep
samples collected . at mid-tide during the period between June
15 and June 18, 1961, (Pig, 7)

2, Sample Nos, 60 to 69 (Table 2, App., IV) were bottom samples
collected from the Pacific Ocean in the vicinity of the San
Prancisco Bar, (Fig, 11)

To study the variation in thorium concentration along a beach
profile,

1. Samples from a to h (Table 3, App, IV) were surface samples
taken along a profile at location 30 at Drakes Bay on June
6, 1961, (Fig, 13)

To study the variation in thorium concentration with time at a
specific location on a beach,

1, Samples from a to d (Table 4, App. IV) were surface and deep
samples taken at mid-tide at location No, 48 at different
times, (Pig, 14)

In this study the three factors considered in determining the direction
of 1ittoral drift along the part of the California Coast from the Russian
River to Point San Pedro are ag follows:

1.

2,

3

The concentration of thorium (in parts per million) in the heavy
minerals of a limited size fraction of the sand sample analyzed,

The percent of heavy winerals in the same size fraction used
in (1),

Wave refraction diagrams,

The first factor, i, e,, concentration of thorium in ppm,, will
represent the effect of progressive sorting caused by the littoral current
on the beach sands, This will result in a dilution of the amount of thorium
present in the sample in the direction of littoral drift, This will be
noticed as a decrease in the concentration of thorium with distance from the
source area, in the direction of 1ittoral drift, The second factor, i, e,,
the concentration of heavy minerals in percent, will also represent the
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effect of progressive sorting by the 1littoral current, Since once in sus-
pension, heavy mineral particles have the tendency to settle faster than
lighter particles, the result will be a decrease in the concentration of
heavy minerals in the direction of 1ittoral drift, The third factor, i.e,,
wave refraction patterns, gives a good indication of the direction of sand
drifting along a coast since it is agreed that the littoral drift is caused
by the energy component of waves breaking at an angle to the shore, Some
geological observations will also be considered, wherever possible, to help
in determining the direction of 1littoral drift,

In the samples analyzed for both thorium and heavy minerals, it was
found that both surface and deep samples (one foot deep) have the same
trend (Fig, 7)., The beaches under study are variable beaches (Trask, 1958),
They vary not only from one season to another, but also from place to place
on any given beach at any given time, The chief seasonal variations in
individual beaches are in grain size, sorting, height of berm, and position
and shape of the foreshore, Some of the beaches always have cusps, others
never, and some have cusps sometimes and not at other times, Though no con-
distent pattern is indicated for all beaches, most of the beaches build up
in width during summer and erode during winter, However, as wave height
varies from one day to another, the beaches may build or erode at any time,
From the above discussion on variability of beaches, the sand samples
analyzed will be considered to represent conditions during which they were
collected, i,e,, summer conditions, Consequently the samples analyzed will
indicate the direction of littoral drift during the summer, This may agree
with the predominant direction of drift for some localities and may not
agree for others,

The predominant direction of drift along the part of the coast under
study is generally considered to be from north to south, This is based on
analyses of wave refraction diagrams (Fig, 15) drawn for the predominant
waves in this area which come from W,N.W. with a wave period of 12 seconds
(National Marine Consultants, 1960), Actually such refraction diagrams
represent both the predominant and summer conditions, since wave conditions
for both are very similar (National Marine Consultants, 1960),

A, TO STUDY THE DIRECTION OF LITTORAL DRIFT ALONG A REACH OF THE
CALIPORNIA COAST

1, Prom north of the Russian River mouth to Bodega Head (Pig, 8)

This reach includes the beach from Russian Gulch to the Russian River
mouth (samples 1 to 5), The Russian River (samples 8 to 11), Bodega Head
south of the Russian River mouth (samples 6 and 7), Shell Beach (sample 12),
Wright Beach, Gleason Beach, Arched Rock Beach, and Salmon Creek Beach
(samples 13, 14, 15, 16, respectively),
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For the part of the cosst north of the Russian River mouth), though
the refraction diagrams indicate a southward drift, the concentrations
of both thorium and heavies did not show any consistent significant
decrease, The concentration of thorium and heavy minerals varied along
the coast from 15 to 25 ppm, and from 56 to 59 percent, respectively,
without any consistent trend, The 1ittoral drift in this part of the
coast is believed to have a reversal in direction,

The Russian River samples showed a thorium concentration of 14 to 17
ppm, upstream from the junction with Austin Creek which has a concentration
of 7 ppm, and 19 ppm, downstream from Austin Creek (Pig, 8), Thorium found
on the beaches just north and south of the Russian River mouth probably is
brought to the coast by the Russian River as it flows through thorium-rich
granite rocks,

South of the Russian River mouth the concentration of thorium and
heavy minerals decreases gradually and consistently from 15 ppm., and 83
percent for sample 6, to zero ppm, and 3 percent for sample 12 at Shell
Beach (Pig, 8), This indicates a southward direction of 1ittoral drift
and confirms the conclusion from the analysis of the wave refraction
diagrams,

Por the part of the coast from Wright Beach south to Salmon Creek
Beach, the concentration of thorium increased suddenly from zero at Shell
Beach to 23 ppm, at Wright Beach, This is believed to be due to the sedi-
ments brought to the coast by some small streams which enter the coast
between Shell Beach and Wright Beach (samples 12 and 13, respectively) and
which pass through thorium-rich granite rocks, The 23 ppm, thorium con-
centration for sample 13 at Wright Béach decreases gradually to 17 ppm.
(sample 16) at Salmon Creek Beach, Although the concentration of heavy
minerals does not have significant differences, both the thorium concen-
tration and wave refraction diagram suggest a southward direction of drift
for this part of the coast,

2, FProm Bodega Head to Tomales Point (PFig, 9)

Bodega Head and Tomales Point are a continuation of the same geologic
formation, The direction of sand drift in Bodega Bay depends on the local
conditions, The samples collected and analyzed for Bodega Bay (samples 17
to 21) showed a general decreasing trend in both the concentration of thorium
and heavy minerals in a northwestward direction., The concentration of
thorium decreased from 30 ppm, for sample 21 to 9 ppm, for sample 17; also
the percent heavy minerals decreased gradually from 11 to 2 percent for the
same two samples, This suggests a northwestward direction of littoral drift
during the period when the samples were collected (summer season), However,
the great preponderance of chert and greenstone among the pebbles on Point
Reyes Beach indicates that most of the beach material comes from the main-
land east of the Point Reyes Peninsula, because no rocks of this character
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are found on the Peninsula, This means that these pebbles in some way have
been transported across the mouth of Tomales Bay in water 5 to 10 feet deep
(Trask, 1958), Wave refraction diagrams also indicate a southward direction
of drift, 1In conclusion it is believed that littoral sand movement in
Bodega Bay is subject to reversals in direction.

3, Point Reyes Beach (Fig, 10)

Point Reyes Beach is a long straight beach, The refraction diagram
drawn for W,N,W, waves with a period of 12 seconds (Fig, 15) shows that the
direction of wave approach is parallel to the shore, However, waves ap~
proaching the shore from the north or south of the W,N,W, direction will
result in a southward or northward littoral drift, respectively,

Samples analyzed for the Point Reyes area include sample 22 at
McClures Beach and samples 23 to 26 at Point Reyes Beach, The concen-
tration of thorium for McClures Beach is 62 ppm, This relatively high
concentration is attributed to the thorium-rich granite rocks which out-
crop at the seacoast in this area, The thorium concentration decreases
gradually southward from 62 ppm, for sample 22 to 6 ppm, for sample 26
(Pig, 10), The concentration of heavy minerals also shows a southward
decrease from 60 to 7 percent, This southward decrease in both thorium
and heavy minerals concentrations suggest a southward direction of 1ittoral
drift, However, the presence of a few rounded pebbles of acid porphyry
suggests the migration of material from Point Reyes (Trask, 1958),

In conclusion, it is believed that sand movement along Point Reyes
beach is subject to reversals in direction, This confirms the conclusion
derived from a study of the wave refraction diagrams for this beach, since
waves approaching from the north will result in a southward 1ittoral drift
while waves approaching from the south will result in a northward drift,

4, Drakes Bay (Fig, 10)

Bxcept for sample 27 at the southwest end of Drakes Bay, a significant
gradual eastward decrease occurs in both the concentrations of thorium and
heavy minerals (Fig, 10), The thorium concentration decreases from 215 ppm,
for sample 28 to 16 ppm, for sample 32, The heavy minerals concentration
decreases from 43 to 2 percent for the same samples, The source of high
concentration of thorium in this area is believed to be the thorium-rich
granite rocks which outcrop at the seacoast near location 28, This thorium
is then diluted as it mowes eastward, The decrease in both thorium and
heavy mineral concentrations to the east and the wave refraction diagram
pattern all suggest an eastward direction of littoral drift in Drakes Bay,
The southwestward decrease in both thorium and heavy mineral concentrations
for sample 28 to 27 (Fig., 10) is explained as follows: When a source of
material enters the shore at a point, wave action will tend to dilute this
material on both sides of the point source, It has also been observed in
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tracer experiments (Russell, 1961) that there always is some dispersion and
spreading of the tracer material in a direction opposed to the net drift,
The eastward direction of 1ittoral drift for Drakes Bay has also been sug-
gested by Trask (1958) where he observed that though the material at Drakes
Cove gives no indication of the source of material, the presence of porphyry
pebbles indicates an eastward direction of drift,

5. Bolinas Bay (Pig, 11)

It is believed that naturally radioactive thorium is added to the
coast of Bolinas Bay from thorium-bearing granite rocks which outcrop at
the seacoast at the southwest end of the bay, This material is then
diluted in an eastward direction, This is confirmed by the decrease in
the concentration of both thorium and heavy minerals, Thorium concentra-
tion decreased from 142 ppm, for sample 33 on the southwest side of Bolinas
Bay to 30 ppm, at Stinson Beach (Fig, 11), Concentrations of heavy minerals
decreased from 5 to 0.4 percent for the same locations, Wave refraction
diagram strongly suggests an eastward direction of littoral drift, In
conclusion, based on the eastward decrease in thorium and heavy mineral
concentrations and on the wave refraction diagram, it is believed that the
littoral drift direction for Bolinas Bay is eastward, This is also con-
firmed by the presence of numerous pebbles of Miocene rocks along Stinson
Beach, which can only come from the west, These pebbles have been trans-
ported across the mouth of Bolinas lagoon in water at least 5 feet deep
(Trask, 1958),

6. San Prancisco Bar (Fig, 11)

Off shore bottom samples taken in the vicinity of the San Prancisco
Bar show a very high concentration of thorium and heavy minerals on the top
of the bar as indicated by sample 68 which has 162 ppm, thorium and 27
percent heavy minerals and by sample 65 which has 180 ppm., thorium and 44
percent heavy minerals, The concentration of thorium and heavy minerals
decreases considerably on both sides of the bar as shown in Pig, 11,

A high concentration of both thorium and heavy minerals is also found
in sample 48 in front of Fleischhacker Zoo at Ocean Beach (112 ppm, and 36
percent), The concentration decreases considerably both northward and south-
ward of Pleishhacker Zoo (Pig, 12), The very high concentration of thorium
and heavy minerals for samples 68, 65, and 48 which are from the top of the
San Prancisco Bar, and the considerable decrease in these concentrations on
both sides of the bar suggests very strongly the migration of material from
the north to the south along the top of the bar, This material then enters
Ocean Beach in front of Fleishhacker Zoo and is diluted in both a northward
and southward direction, This is clearly demonstrated by the extensive
sampling and analyses of Ocean Beach sands as explained in the following
paragraph,
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7. Beaches south of Golden Gate (Fig, 12)

Bxtensive sampling was made of Ocean Beach to determine the location
where the littoral material migrating from north of the Golden Gate eaters
the beach, Both surface and deep samples analyzed for thorium and heavy
mineral concentrations for both size fractions 74 to 177 micron and 125 to
250 micron showed a high concentration for the beach in sample 48 at
Fleishhacker Zoo, This high concentration decreased gradually and con~-
sistently southward from the source point at Fleishhacker Zoo (sample 48)
to sample 53 near Sharp Park (Fig, 12),

The increase in concentration for samples 54 to 58 is attributed to
sediments brought by several small streams which enter the coast in the
vicinity of Sharp Park and Rockaway Beach, These gullies flow through
thorium-rich granite rocks., The high increase in thorium concentration
for sample 59 near Point San Pedro is attributed to the thorium-bearing
granite rocks which outcrop at the seacoast in this area,

The consistent gradual southward decrease in both the concentrations
of thorium and heavy minerals for samples south of Fleishhacker Zoo indicate
a southward direction of 1ittoral drift during the summer for this part of
the coast, The less consistent northward decrease in concentrations for
samples north of PFleishhacker Zoo may suggest a northward drift for this
part of the coast,

Ocean Beach is a fairly straight beach similar to Point Reyes Beach,
Refraction diagrams drawn for the predominant wave conditions show that
waves approach parallel to the shore, If waves along this part of the beach
come in at an anglefrom the south or the north, they should produce a south-
ward or northward drift, respectively, Prequently the waves along this part
of the beach come in at an angle from the south (Trask, 1958), Such waves
should produce a northward littoral current, which should transport sand
toward the north,

Fig. 16 shows the direction of littoral drift along the reach of the
California Coast between the Russian River and Point San Pedro based on the
above analysis, The source of radioactive material (streams or rocks) as
well as the concentration of thorium and heavy minerals at different local-
ities are also indicated,

B, TO STUDY THE VARIATION IN THORIUM CONCENTRATION ALONG A BEACH PROFILB
(Pig, 13)

The profile chosen for analysis in the vicinity of Location 30 on
Drakes Bay (Fig, 10) showed a fairly constant concentration of both thorium
and heavy minerals for a considerable distance on both sides of the mid-tide
point, This is a fortunate condition since it shows that no significant
error will be encountered if samples are collected exactly at mid-tide or
several feet onshore or of fshore from the point of mid-tide (Pig, 13),
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tracer experiments (Russell, 1961) that there always is some¢ dispersion and
spreading of the tracer material in a direction opposed to the net drift,
The eastward direction of 1ittoral drift for Drakes Bay has also been sug-
gested by Trask (1958) where he observed that though the material at Drakes
Cove gives no indication of the source of material, the presence of porphyry
pebbles indicates an eastward direction of drift,

5. Bolinas Bay (Pig, 11)

It is believed that naturally radioactive thorium is added to the
coast of Bolinas Bay from thorium-bearing granite rocks which outcrop at
the seacoast at the southwest end of the bay, This material is then
diluted in an eastward direction, This is confirmed by the decrease in
the concentration of both thorium and heavy minerals, Thorium concentra-
tion decreased from 142 ppm, for sample 33 on the southwest side of Bolinas
Bay to 30 ppm, at Stinson Beach (Fig, 11), Concentrations of heavy minerals
decreased from 5 to 0.4 percent for the same locations, Wave refraction
diagram strongly suggests an eastward direction of littoral drift, 1In
conclusion, based on the eastward decrease in thorium and heavy mineral
concentrations and on the wave refraction diagram, it is believed that the
littoral drift direction for Bolinas Bay is eastward, This is also con-
firmed by the presence of numerous pebbles of Miocene rocks along Stinson
Beach, which can only come from the west, These pebbles have been trans-
ported across the mouth of Bolinas lagoon in water at least 5 feet deep
(Trask, 1958),

6. San Prancisco Bar (Fig, 11)

Offshore bottom samples taken in the vicinity of the San Francisco
Bar show a very high concentration of thorium and heavy minerals on the top
of the bar as indicated by sample 68 which has 162 ppm, thorium and 27
percent heavy minerals and by sample 65 which has 180 ppm, thorium and 44
percent heavy minerals, The concentration of thorium and heavy minerals
decreases considerably on bboth sides of the bar as shown in Fig, 11,

A high concentration of both thorium and heavy minerals is also found
in sample 48 in front of Fleischhacker Zoo at Ocean Beach (112 ppm, and 36
percent), The concentration decreases considerably both northward and south-
ward of Fleishhacker Zoo (Pig, 12), The very high concentration of thorium
and heavy minerals for samples 68, 65, and 48 which are from the top of the
San Prancisco Bar, and the considerable decrease in these concentrations on
both sides of the bar suggests very strongly the migration of material from
the north to the south along the top of the bar, This material then enters
Ocean Beach in front of Fleishhacker Zoo and is diluted in both a northward
and southward direction, This is clearly demonstrated by the extensive
sampling and analyses of Ocean Beach sands as explained in the following
paragraph,
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7. Beaches south of Golden Gate (Fig, 12)

Bxtensive sampling was made of Ocean Beach to determine the location
where the littoral material migrating from north of the Golden Gate enters
the beach, Both surface and deep samples analyzed for thorium and heavy
mineral concentrations for both size fractions 74 to 177 micron and 125 to
250 micron showed a high concentration for the beach in sample 48 at
PFleishhacker Zoo, This high concentration decreased gradually and con-
sistently southward from the source point at Fleishhacker Zoo (sample 48)
to sample 53 near Sharp Park (Fig, 12),

The increase in concentration for samples 54 to 58 is attributed to
sediments brought by several small streams which enter the coast in the
vicinity of Sharp Park and Rockaway Beach, These gullies flow through
thorium-rich granite rocks, The high increase in thorium concentration
for sample 59 near Point San Pedro is attributed to the thorium-bearing
granite rocks which outcrop at the seacoast in this area,

The consistent gradual southward decrease in both the concentrations
of thorium and heavy minerals for samples south of Fleishhacker Zoo indicate
a southward direction of littoral drift during the summer for this part of
the coast, The less consistent northward decrease in concentrations for
samples north of Fleishhacker Zoo may suggest a northward drift for this
part of the coast,

Ocean Beach is a fairly straight beach similar to Point Reyes Beach,
Refraction diagrams drawn for the predominant wave conditions show that
waves approach parallel to the shore, If waves along this part of the beach
come in at an anglefrom the south or the north, they should produce a south-
ward or northward drift, respectively, Frequently the waves along this part
of the beach come in at an angle from the south (Trask, 1958), Such waves
should produce a northward littoral current, which should transport sand
toward the north,

Pig, 16 shows the direction of 1ittoral drift along the reach of the
California Coast between the Russian River and Point San Pedro based on the
above analysis, The source of radioactive material (streams or rocks) as
well as the concentration of thorium and heavy minerals at different local-
ities are also indicated,

B, TO STUDY THE VARIATION IN THORIUM CONCENTRATION ALONG A BEACH PROFILE
(Fig, 13)

The profile chosen for analysis in the vicinity of Location 30 on
Drakes Bay (Pig, 10) showed a fairly constant concentration of both thorium
and heavy minerals for a considerable distance on both sides of the mid-tide
point, This is a fortunate condition since it shows that no significant
error will be encountered if samples are collected exactly at mid-tide or
several feet onshore or offshore from the point of mid-tide (Pig, 13).
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